L arge vessel atherosclerosis accounts for more than 100,000 strokes per year in the United States. Although many clinicians are comfortable with evaluation for carotid stenosis as part of the "standard stroke workup," it should be recognized that risk stratification is important to make sure that therapies with potential risk, such as carotid endarterectomy (CEA) or carotid artery stenting (CAS), are provided to the right patient in the right setting. Ensuring that carotid revascularization is provided in an evidence-based fashion is also important with regard to patient safety.
Intracranial atherosclerosis is sometimes overlooked as part of the stroke evaluation. However, it is an important cause of stroke, especially in African Americans, Asians, and Hispanics. We provide information on emerging concepts in evaluation and management of stroke due to large vessel atherosclerosis. 
Asymptomatic carotid stenosis
In previous landmark trials such as the Asymptomatic Carotid Atherosclerosis Study (ACAS), CEA was associated with a 55% relative risk reduction for ischemic stroke compared to medical therapy. 1 However, the absolute reduction was small, only 1.2% per year. 2 The volume of carotid revascularization procedures increased sharply after the ACAS trial publication in 1995.
However, we should keep in mind that ACAS enrolled patients between 1987 and 1993, which was before the era of high-potency statins. Multimodality treatment with high-potency statins, antiplatelet therapy, targeted blood pressure lowering, and lifestyle modification now constitutes optimal medical therapy (OMT) and is recommended in stroke prevention guidelines. 3 If we use OMT in patients with 70%-99% asymptomatic internal carotid artery (ICA) stenosis, would CEA still be beneficial?
Population-based studies have shown that the risk of stroke with asymptomatic ICA stenosis is likely ,1% per year with modern medical therapy. 4, 5 Risk stratification techniques such as use of transcranial Doppler (TCD) for emboli detection and assessment of intracranial vascular reserve can identify patients at higher and lower stroke risk. 6, 7 The Carotid Revascularization and Medical Management for Asymptomatic Carotid Stenosis Study (CREST 2) is an NIH-sponsored study that is currently enrolling asymptomatic patients with 70%-99% ICA stenosis (http://www.crest2trial.org). There are 2 arms in the study, one comparing CEA 1 OMT vs OMT alone and one comparing CAS 1 OMT vs OMT alone. Neurologists should strongly consider referral of asymptomatic patients for this clinical trial because it will enhance our clinical decision-making abilities in the future.
Symptomatic carotid stenosis
Earlier clinical trials such as the North American Symptomatic Carotid Endarterectomy Trial (NASCET) found that CEA was beneficial for patients with severe (70%-99%) ICA stenosis and preceding stroke or TIA. 8 However, this study was also done largely in the prestatin era and the initial results were published 25 years ago. As with asymptomatic carotid disease, the applicability of clinical trial data from before the era of high-potency statins and OMT has been called into question.
Although CEA was beneficial as a whole for patients with symptomatic stenosis, there was considerable heterogeneity relating to timing of the operation and patient sex. In a pooled analysis of the prior symptomatic trials and patients with 50%-99% stenosis, the number needed to treat (NNT) to prevent 1 stroke was 5 for patients operated on within 2 weeks of study entry and 125 for patients operated on more than 12 weeks after the prior vascular event. 9 In terms of sex, the NNT for men was 9 and 36 for women. Therefore, we need to study modern medical therapy for symptomatic as well as asymptomatic ICA stenosis. It is notable that many would hesitate to use OMT alone in symptomatic disease instead of revascularization. It would make sense to initially study OMT in patient subgroups that derive less benefit from CEA, such as women and those with their last TIA/stroke more than 2 weeks previously. 10, 11 In addition, patients with retinal symptoms (as opposed to hemispheric ischemic events) and patients with 50%-69% stenosis (as opposed to severe stenosis) have a lower stroke risk and aggressive medical therapy could be tested in these subgroups as well. 2 Given a more recent shift toward earlier revascularization, CEA appears to be the preferred treatment for patients with symptomatic stenosis.
Another insight with regard to symptomatic ICA stenosis concerns the choice of revascularization method. A recent analysis found that CEA was associated with a lower complication rate than CAS (2.8% vs 9.4%) in patients who underwent a revascularization procedure within 7 days of a cerebral ischemic event.
12 Given a more recent shift toward earlier revascularization, CEA appears to be the preferred treatment for patients with symptomatic stenosis.
Intracranial atherosclerotic disease
Intracranial atherosclerotic disease (ICAD)-associated strokes comprise at least 10% of ischemic strokes worldwide. Major racial differences exist: ICAD comprises 33%-54% of strokes in Asians, 9% in whites, 12% in African Americans, and 15% in Hispanics. 13, 14 Studies quote variable rates of stroke recurrence in different populations, [15] [16] [17] [18] but notably these studies predate use of what is now considered standard of care medical management.
The Stenting and Aggressive Medical Management for Preventing Stroke in Intracranial Stenosis (SAMMPRIS) trial has shown that medical management for symptomatic ICAD with dual antiplatelet therapy for 3 months, aggressive control of blood pressure and hyperlipidemia, and smoking cessation, diet, and exercise was superior to intracranial stenting and established the standard of care for medical management. 19 The primary endpoint of SAMMPRIS was any periprocedural stroke or death within 30 days or stroke in the territory of the symptomatic vessel beyond 30 days or within 30 days of an interventional procedure. Long-term results of SAMMPRIS found that aggressive medical management was associated with a lower endpoint rate than medical therapy 1 intracranial stenting (15% vs 23%, p 5 0.03). 20 A second clinical trial confirmed the findings of SAMMPRIS and reported an unacceptably high complication rate with intracranial stenting. 21 ICAD remains a common cause of stroke worldwide. Rate of recurrent stroke due to intracranial atherosclerosis has not been well established outside of a clinical trial setting or specifically in the post aggressive medical therapy era. More research is needed to determine factors contributing to disease progression and risk of recurrence in order to better target therapies. MyRIAD (Mechanisms of Early Recurrence in Intracranial Atherosclerotic Disease) is currently recruiting and will focus on mechanisms of recurrence in recently symptomatic patients with high-grade stenosis (www.clinicaltrials.gov; NCT 02121028).
Advanced imaging may aid in diagnosis and optimization of treatment The underlying mechanisms of stroke due to ICAD are varied and include artery-to-artery emboli, in situ thromboembolism, hemodynamic impairment, and branch occlusive disease (BOD). Lesions can be lacunar, subcortical, cortical, or a combination of these. 22 These variable mechanisms allude to the idea that nonstenotic plaques can also cause disease. Modalities commonly used for evaluation of ICAD, including noninvasive evaluation with TCD (with or without emboli detection), magnetic resonance angiography (MRA), or CT angiography or invasive imaging with digital subtraction angiography, can assess degree of stenosis and collateral flow but do not provide information about arterial wall structure or plaque characterization.
Given that there are varying mechanisms of cerebral ischemia due to ICAD, there is a newer focus on the use of advanced imaging modalities to better visualize the intracranial arterial wall and determine subset of disease, with the goal of identifying patients at high risk of recurrent
The feasibility of adopting advanced imaging modalities and the standardization of these modalities for use in clinical practice are unclear.
ischemia and distinguishing ICAD from other types of intracranial vessel pathology. One current modality being used is high-resolution MRI (HR-MRI), which provides detailed plaque characterization and can determine high-risk plaque components, including lipid-rich necrotic core, intraplaque hemorrhage, calcium, and fibrous cap (figure). 23 Atherosclerotic plaques tend to be eccentric and have enhancement and intraplaque hemorrhage, which may help distinguish them from other causes of intracranial vessel disease, including dissection, vasculitis, and reversible cerebral vasoconstriction syndrome. 23 Intraplaque hemorrhage, appearing as a high-intensity signal, has been associated with ipsilateral stroke. 24 A recent study compared HR-MRI characteristics of BOD (parent artery occluding perforator origin) and non-BOD (artery-to-artery) ICAD. BOD had milder stenosis than non-BOD (p , 0.001), less remodeling (p 5 0.005), and less plaque enhancement. 25 Although advanced imaging modalities are promising, many limitations to routine use in clinical practice exist. There is lack of pathologic correlation with imaging findings, especially for intracranial vessels. There is no widely accepted standard protocol for imaging acquisition or for interpretation of these images. Given that advanced imaging is not standard of care, cost may be prohibitive outside of the research setting. 26 Studies involving advanced imaging have been single-center studies and broader replication is required. The feasibility of adopting advanced imaging modalities and the standardization of these modalities for use in clinical practice are unclear. However, they may be useful for patient risk stratification in the future.
Vertebral artery stenting is not more effective than medical therapy
The suggestion that risk of recurrent stroke in patients with vertebrobasilar (VB) stenosis is high has led to the occasional use of stenting in patients with extracranial vertebral artery-origin stenosis. The Vertebrobasilar Flow Evaluation and Risk of Transient Ischemic Attack and Stroke Trial (VERiTAS) used quantitative MRA (Q MRA) to assess flow in the VB territory of patients on standard medical therapy in order to assess hemodynamic compromise and risk of stroke. 27 Those classified as low flow on Q MRA had 78% VB stroke-free survival at 1 year compared with 96% VB stroke-free survival in the normal flow group, demonstrating that distal flow status is an independent predictor of stroke risk. 28 Although SAMMP-RIS found that best medical treatment was better and safer than stenting for intracranial atherosclerosis, is there value in extracranial vertebral artery procedures?
A recently published study focused on comparison of medical therapy vs stenting of the vertebral arteries. The Vertebral Artery Stenting Trial (VAST) was a randomized open-label trial that enrolled 115 patients with VB TIA or minor stroke in the previous 6 months with vertebral stenosis of $50% on 2 imaging modalities. 29 Patients were randomized 1:1 to stenting plus best medical treatment (n 5 57) or best medical treatment alone (n 5 58). Both medical therapy and choice of stent were left up to the treating physician. All patients in the stenting arm received clopidogrel 75 mg daily in addition to aspirin (or vitamin K antagonist) at least 5 days before the procedure and for at least 30 days after. In the stenting arm, 16% had intracranial (V4) disease and in the medical arm 17% had intracranial disease. Primary outcome was a composite of stroke, vascular death, or myocardial infarction within 30 days of treatment.
The primary outcome occurred in 5% (3 of 57) in the stenting group (2 with intracranial stenosis) and in 2% (1 of 58) in the medical group. One-year event rates of stroke in territory supplied by the symptomatic vessel were 9% in the stenting group and 7% in the medical treatment group. At 12 months, 4 of 47 patients with a stent had an occlusion and 3 of 53 medically treated patients had an occlusion. Cumulative incidence of recurrent stroke on medical therapy was 7% during a 3-year median follow-up period. This is considered a relatively low risk of recurrent stroke in the medical management arm. This number is in the setting of nonstandardized medical therapy and brings up the idea that perhaps medical management of extracranial disease could be optimized even further by implementation of SAMMPRIS medical management with a short course of dual antiplatelets and aggressive risk factor control.
On the basis of SAMMPRIS and VAST, both showing superiority of medical treatment over stenting, the recommendation is for aggressive medical therapy for intracranial VB disease as well as for extracranial vertebral artery-origin stenosis.
DISCUSSION
Patients with both extracranial and intracranial large vessel disease require aggressive medical therapy. The neurologist can be the "captain of the ship" in management of these patients. Targeted carotid revascularization can be useful for select patients. Ongoing trials will assess whether improvements in medical therapy have erased the gap with CEA. More research is needed to determine factors contributing to disease progression and risk of recurrent stroke in patients with ICAD. Vessel wall imaging may be useful to define pathophysiology in patients with intracranial stenosis and could ultimately help tailor therapy. The VAST trial has added Stroke due to large vessel atherosclerosis:
Five new things
•
The rate of stroke with asymptomatic carotid stenosis is falling, prompting new trials, such as CREST 2, comparing modern medical therapy with carotid endarterectomy or stenting.
• In patients with symptomatic carotid stenosis, if revascularization is to be done within 2 weeks of the last symptomatic event, carotid endarterectomy has a lower periprocedural stroke rate than carotid stenting.
• A second randomized trial has confirmed that aggressive medical management is the treatment of choice for patients with severe intracranial stenosis.
• Vessel wall imaging may be useful to distinguish between intracranial atherosclerosis and other pathologies such as vasculitis and may aid in assessment of stroke mechanism and lead to targeted therapies. However, more standardization is needed before it is adopted for clinical use.
• A recent trial did not show benefit for stenting of vertebral artery-origin stenosis, and aggressive medical management may benefit patients with extracranial disease as well as those with intracranial disease.
to the knowledge base of optimal treatment of vertebral disease and demonstrated that medical therapy is preferred to stenting for patients with vertebral artery-origin stenosis.
